By suitable modification of the flat embedding technique of Borysko (4) it has proved possible to obtain serial sections of known orientation from single spermatozoa. The method has been used to examine the structural asymmetry and the relationship between fine structure and direction of beat in several types of sperm.
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METHOD
Bull semen was obtained in fresh form, diluted as for artificial insemination. A small amount of semen was pipetted into fixative containing 2 per cent osmium tetroxide, 0.004 M magnesium chloride, and veronal-acetate buffer pit 7.8. After fixing for l hour the sperm were concentrated into a loose pellet by gentle centrifugation, dehydrated through graded solutions of acetone, and placed in Araldite embedding mixture (l l) to soak for several hours. After soaking, the pellet was transferred to fresh Araldite mixture and dispersed gently to give a suspension of separate spermatozoa. A portion of this suspension was diluted suitably with more Araldite mixture and poured into embedding trays which were then covered in a Petri dish and placed in an oven at 60°C. to harden the resin. The embedding trays were constructed by folding aluminum foil around a 3 X 2 inch glass microscope-slide, and were lined with cellophane to prevent the Araldite resin sticking to the glass.
The other sperm examined were from sea urchin (Arbacia punctulata), and from porgy (Calamus sp.), a marine teleost. These sperm are more fragile than those of bull and the following procedure was used in order to avoid centrifugation. A thin layer of undiluted semen was smeared over the bottom of a small glass dish, then the fixative (composition as above) was gently layered on top of the semen. After fixing for 1 hour, the layer of semen had congealed so that it could easily be dehydrated with acetone and infiltrated with Araldite mixture. Small pieces of semen were very gently dispersed in fresh Araldite mixture and the resultant suspension of sperm embedded as described above.
The slabs of Araldite were mounted, cellophaneside-upward, on the stage of a phase contrast microscope, and scanned to find sperm suitable for sectioning. High quality optics and a 40X objective were required to render the fine tail of fish and sea urchin sperm visible under these conditions. In order to be suitable for sectioning, a sperm must have a reasonably straight tail that lies parallel and close to the surface of the slab. There must be no other sperm nearby with which it might get confused at a later stage. When a suitable sperm was found, the surface of the slab above it was scribed with fine lines to indicate its position and orientation ( Fig.  1 a) . This scribing was carried out under the microscope with a fragment of razor blade mounted in a micromanipulator. It proved useful to measure and record the depth of the sperm in the slab and also its distance from the longitudinal marker line uv (Fig. 1 a) . The scribed block containing the sperm was cut out from the slab with a jigsaw and mounted in the vise-type holder of a Porter-Blum microtome. The block was oriented for accurate cross-sections of the sperm tail by means of the scribed lines, which were visible under a dissecting microscope. Prior to thin sectioning, the face of the block was trimmed to an asymmetrical shape as shown in Fig. 1 b. Sectioning was accomplished in the conventional manner with a glass knife and a trough of distilled water. The sections were picked up by applying a carbonfilmed grid to them from above and, after staining with uranyl acetate in 50 per cent ethanol, were placed in the electron microscope section-side-upward. The longitudinal line uv makes a notch in one edge of the section (Fig. 1 c) , and this notch forms a landmark with respect to which the position of the sperm is known from the earlier measurements. This mapping greatly facilitates finding the sperm crosssection in the electron microscope.
In the case of a sperm oriented tail-outwards in the block, such as that shown in Fig. 1 b, the image seen on the screen of the electron microscope corresponds to the view seen by an observer looking along the sperm from head to tail. The asymmetrical shape of the block face and the known position of the sperm relative to the notch in one edge provide a double check against accidental inversion of the section during manipulation.
RESULTS
It seems unnecessary to describe here the detailed fine structure of the sperm tails, for they are similar to those of related species that have been described previously (1, 5) and to typical cilia and flagella (8, 10) . The important feature of the present method is that it makes it possible to examine the structural asymmetry of the sperm tail. This asymmetry is determined by the direction in which the arms on the outer fibers point (7) .
Adequate cross-sections have been obtained of three sperm from bull, 45 sperm from sea urchin, and 4 sperm from porgy. In all cases the tail had the clockwise enantiomorphic form: that is to say, the arms on the outer fibers pointed clockwise as seen by an observer looking along the sperm from head to tail (Figs. 2, 4 ). This form is the same as that reported previously in a variety of cilia and protozoan flagella (7) and in sperm of a butterfly (3) . The time required to section individual spermatozoa, unfortunately, makes it impossible to examine as large a number of them as one can of cilia, but the data give considerable support to the supposition that all cilia, protozoan flagella, and sperm tails have the same clockwise enantiomorphic form. This is particularly so in view of the fact that the sperm of porgy were U .................................................. Cross-section of sea urchin sperm tail, as seen by an observer looking along Lhc sperm from head to tail. X 120,000.
FIGURE 3
Cross-section of bull sperm head. X 50,000.
FIGURE 4
Cross-section of bull sperm tail, as seen by an observer looking along the sperm from head to tail. Note oricntatlon of central fibers relative to Fig. 3 . X 120,000.
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selected for examination in this study because they show atypical circling movements at an interface (9) . The highly flattened head of a bull spermatozoon forms a plane of reference that makes it possible to determine the relationship between the fine structure of the tail and its direction of beat. For two of the bull sperm examined in this study, serial sections were obtained that included both the head and the midpiece of the tail. In both these sperm the plane of the central fibers in the tail was oriented at right angles to the wide dimension of the head (Figs. 2, 3) . From the detailed studies of Gray (12) it is known that the bending of the tail is largely confined to the plane parallel to the wide dimension of the head. Therefore, the plane of beat of the tail must lie perpendicular to the plane of the central fibers. This is the same relationship that has been described previously in squid sperm (2) and in a variety of cilia (8); its implications have been discussed elsewhere.
One of the sea urchin sperm sectioned had a structural peculiarity that is worthy of mention. Cross-sections cut near the end of the tail showed profiles of two axial fiber bundles enclosed together within a single membrane; sections cut nearer the head of this sperm showed only the normal single axial fiber bundle enclosed by a membrane. The only reasonable interpretation is that the axial fiber bundle was bent back on itself within the membrane, for a short distance at the end of the tail. It seems likely that the same explanation may be applied to the abnormal cross-sections of sea urchin sperm tails described earlier by Afzelius (1) . Received for publication, November 27, 1962. 
